On Chlorpromazine Binding in vivo**From the Department of Dermatology, Stanford University School of Medicine, Stanford, California.  by Blois, M.S.
Chlorpromazine (CPZ) has been a compound
of potential interest to dermatologists since the
chemical and post-mortem studies of Forrest
et al. (1) showed that in patients who had
received this drug repeatedly, the tissues that
contained the largest amounts of CPZ at au-
topsy were usually pigmented. They pointed
out that those tissues containing the greatest
amounts of melanin contained the largest
amount of CPZ.
The phenothiazine group of drugs had mean-
while aroused the concern of ophthalmologists
because of the suggestions that they may be
responsible in certain instances of retinopathy,
and Potts (2) had also suggested the possi-
bility of an association between these drugs
and melanin pigment. By using radioactively-
labeled phenothiazines he showed that, after
administration of the drug to pigmented and
albino rabbits, the retention of radioactivity in
the ocular tissues of the former was greater than
that of the latter.
In a subsequent study, Potts (3) investi-
gated the interaction between a number of
phenothiazthe compounds and melanins, both
natural and synthetic, and showed that a re-
versible binding occurred. Because of the re-
versibility, he concluded that a covalent bond
was not involved, and the independence of
the binding upon pH showed that the bond
could not be ionic either. Potts then suggested
that a charge transfer complex might be in-
volved with the CPZ acting as electron donor
and melanin as the acceptor. He further showed
that CPZ accumulated in a transplanted ham-
ster melanoma (4) when the labeled drug was
administered to the host.
Finally, Grciner and Berry (5) and Zelikson
and Zeller (6) have described a pathological pig-
mentation which occurs in the skin of patients
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who have been taking large doses of chlorproma-
zinc. This pigment is dermal in location, and oc-
curs in the light-exposed areas. These reports
make the behavior of this drug a dermatological
concern.
When a CPZ solution undergoes mild oxida-
tion it becomes reddish in color (with an ab-
sorption band at 530—540 mfi). Pictte and
Forrest (7) showed in an c.s.r. study that this
colored product was paramagnetic, had a hy-
perfine structure consistent with the pheno-
thiazine nucleus but different for the various
derivatives, and that the rates of appearance of
the red product and the free radical were the
same. They showed that the same e.s.r. absorp-
tion was produced with fcrric or eerie salts,
or by clectrochemical oxidation, and concluded
that the first oxidation product of phenothia-
zinc is a positive-ion radical. Piette and co-
workers (8) subsequently showed that the same
free radical could be produced from CPZ by
the peroxidase-hydrogcn peroxide system.
The reported relationships between CPZ and
melanin in the clinical literature as well as in
the direct in vitro observations, seemed to us of
particular interest in the light of recent studies
on melanin. The chemical studies of Nicolaus
(9) and the e.s.r. investigations of Blois et al.
(10) both supported the concept that the bio-
synthesis of melanin involved a free radical
polymerization mechanism, and that melanin
appeared to be a random, branched polymer.
Because of the ease with which CPZ could
be oxidized to form a positive ion radical, and
its relatively great stability once formed, the
question arose as to whether CPZ could be
incorporated into a growing melanin polymer,
in addition to its adsorption onto the surface
of a melanin particle as shown by Potts (3).
EXPERIMENTAL
A mouse melanoma, transplantable in C311
mice, and previously studied for its incorporation
of labeled dopa (10) was employed as the melanin
synthesizing system. Chlorpromazinc hydrochloride
was obtained from Radiochemical Centre, Amer-
sham, as the 5" compound with a specific activity
of 6.3 me/mM. This was made up in sterile, dis-
tilled water and administered to the mice intra-
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RESULTS
The CPZ was administered in several doses
over a period of a week or two and the cumula-
tive doses were either approximately 70 te
(5.45 mg) or 10 te (0.8 mg), based upon the
specific activity prevailing at the time the ex-
periment was commenced. The experiment con-
sisted primarily in following the tissue distri-
bution of radioactivity for the two groups of
mice ("high dose" and "low dose") as a function
of the time between the last dose of CPZ and
the time the animal was killed for tissue count-
ing.
When the animals were killed a few hours
after administration of the last dose of CPZ,
the radioactivity is distributed as shown in
Fig. 1. These results are for two mice who
received CPZ on a dose schedule shown in the
insert (upper right). The similarity between
the data for the individual animals is shown,
and the histogram is drawn to show the mean
values. Although absorption of the drug from
the peritoneal space is probably rapid, a highly
non-equilibrium distribution prevails at the
time of Fig. 1. Kidney levels are high due to
renal clearance, and the relatively high adrenal
values may represent direct diffusion of the drug
as well as perfusion. Of the seven animals
studied at this or earlier stages, five showed a
greater activity in the tumor than in the eye.
If the animals are killed three days follow-
ing the last CPZ dose, the tissue distributions
are as shown in Fig. 2, which again gives the
data for two separate animals. At this time,
the radioactivity is primarily in the tumor
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peritoneally after the transplanted melanomas had
reached a mean diameter of 3—5 mm. When the
mice were killed, the entire tumor, kidneys with
adrenals attached, and eyes were removed. Pieces
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cleaned, weighed, and manually mulled directly in
the planchets. The counter was standardized
against a C" standard, and all tissue radioactivity
was calculated as disintegration per minute per mg
(wet weight) of tissue. The electron spin resonance
data were obtained with a Varian V-4500 x-band
spectrometer using 100 kc field modulation, and a
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Ftc. 2. The tissue distribution of radioactivity in
melanoma bearing mice, 3 days after the last I.P.
dose of CPZ-S".
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FIG. 4. The tissue distribution of radioactivity in
melanoma bearing mice, 11 days after the last I.P.
dose of CPZ-S85.
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Fie. 6. The clearance curves of radioactivity for
the tumor and eye of melanoma bearing mice which
received CPZ-S0 doses of 60—90 c.
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and in the eye. As the interval between the
last CPZ dose and the determination of tissue
radioactivity is lengthened, the results shown in
Fig. 3 (7 days), Fig. 4 (11 days), and Fig. 5 (19
days) were obtained. The last two figures refer
to single animal results because of the rapidly
increasing mortality among the experimental
animals from the lethal melanoma.
Over the range of the time intervals shown,
the most striking change is the increased decay
rate of specific radioactivity in the tumor corn.-
pared with the eye. If the tumor and eye
radioactivity data for all animals receiving total
CPZ doses in the range 60—90 c are plotted
against the time following last dose, the results
of Fig. 6 are obtained. The time course of dis-
appearance of the radioactivity from some of
the other tissues of this same series of animals
is shown in Fig. 7. It is interesting here to note
that while the brain takes up much less radio-
activity than the other tissues, the clearance is
much more rapid. The other group of mice which
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FIG. 5. The tissue distribution in melanoma bear-
ing mice, 19 days after the last I.P. dose of CPZ-S85.
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had been given total doses of from 10 to 12 c
showed the clearance rates plotted in Fig. 8.
It would seem clear that the specific radio-
activity decreases less rapidly for the eye than
from the tumor, at both dosage levels. It also
appears that the rate of loss from both tumor
and eye becomes less with increasing time,
implying that in both cases there is more than
one type of binding between the radioactive
species and the tissue constituents. This differ-
ence can be estimated best from the curve of
tumor data which shows the radioactivity to
have an apparent biological half-life of 3 days
during the first week and of 5.4 days during the
second week.
There is one complicating feature that dis-
tinguishes the ease of the tumor from that of
the eye; subsequent to the last CPZ dose the
tumor continues to increase in size while the
eye does not. This will necessarily produce an
apparent dilution of the specific radioactivity
of the tumor. This effect will produce a greater
distortion of the specific activity curve for the
tumor, the greater the clasped time, and its
effect would be to depress the curve down-
ward. If this dilution of specific activity through
tumor growth were dominant one would expect
to find a slope (biological half-life) increasing
with time instead of the opposite which is
observed. From a study of the tumor weights
of all the animals used in Fig. 6, it appears
that the mean weight increased roughly 50%
per week over the experimental period. If the
tumor decay curve were corrected for this, it
would appear to approach the 700—800 dpm/
mg level asymptomatically. The data do not
warrant such adjustments and they are left in
raw form, but the qualitative effect of contin-
uing tumor growth artif actually lowering the
tumor specific activity should be kept in mind.
All the tissue specific activities given hereto-
fore refer to the gross tissue homogenate. Since
a primary question had been whether or not
the CPZ was incorporated in the melanin
polymer, the homogenates of all tumors and
eyes were then hydrolyzed in 6 N HCI for 24
hours at 1000 C. The melanin was then centri-
fuged down, collected on Millipore filters, dried
and weighed. The radioactivity of the pigment
samples was then determined directly.
We have tacitly assumed that the finding of
radioactivity (in the form of S'5) in a tissue is
evidence for the presence of either CPZ or at
least a heterocyclic metabolitc very similar to
it. This requires further justification. Potts
(3) has commented on the stability of a reso-
nating system such as CPZ and in particular on
the unlikelihood of ring scission. Forrest and
Forrest (12) have reviewed studies on the
metabolites of the phenothiazines, which sug-
gest that in vivo CPZ may be oxidized to the
positive ion radical and further oxidized to the
sulf oxide. Standard detoxification pathways
such as hydroxylation of the aromatic nucleus
and conjugation with glucuronic acid and less
commonly with sulfate, appear to occur. No
reports are known which suggest that degrada-
tion of the phenothiazine moiety occurs, so that
it appears reasonable to assume that radio-
activity in a tissue implies the presence of CPZ,
an oxidation product, or a conjugated form.
The clinical finding of CPZ-induced dermal
pigmentation in light exposed areas, and the
incrimination of CPZ in cataract formation,
suggested a further investigation, to see
whether visible light could photooxidize CPZ
and if so, to determine the free radical life
time. It had also been noted that when the eye
homogenates were acidified, the supernatant
was a pinkish blue and that this was not seen
with the tumor homogenates (in which in vivo
the CPZ had never been exposed to the light).
A preliminary experiment was done to see
whether white light could induce polymer for-
mation in a CPZ solution. Tracer amounts of
CPZ-S'5 were added to an aqueous CPZ solu-
tion, and aliquots were illuminated with a
bright, photographic type, white light through
two pyrex containers to reduce the small
ultraviolet present. These aliquots were then
filtered through 10 m Millipore filters and
washed with distilled water. The filters were
then dried and counted. The results (Fig. 9)
show an amount of residual radioactivity on
the filter which increases with the amount of
light exposure. It was noted also that after
white light exposure the solutions turned
pinkish and showed an absorption maximum
at 530 m. One explanation which accounts
for the observed results is the production of a
photopolymer having a mean diameter in excess
of 100 A. Another explanation might be that
very long-lived free radicals were formed which
bonded to the polymer structure of the filter.
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tive of the absorption). The spectrometer was
set to this position, a fresh sample was inserted,
and the record of Fig. 10 was obtained. When
the light was turned on, the absorption began,
increased to a maximum at 90 secs and with
the light still on, decayed to zero at 160 sees.
The decay of the signal presumably corresponds
to the exhaustion of the reduced form of CPZ.
Another run was then made in which a fresh
sample was illuminated for 20 secs, then al-
lowed to decay in the dark for 20 secs, then
re-illuminated, etc. The absorption sequence is
shown in Fig. 11. The time required for the
free radicals to decay (in the dark) to one-half
their original concentration appears to be in the
neighborhood of 15—20 seconds. The overall dip
in the tracing is due, in the first portion, to
the fact that the dark interval is not long
enough to allow all the radicals to decay before
the next illumination interval comes. Over the
right hand portion, because of exhaustion of
reduced CPZ, not enough free radicals can be
generated during the interval of illumination to
compensate for the decay of radicals during the
following dark period.
DIscussIoN
These foregoing results give partial answers
to the following questions:
______ 1) Is CPZ actually incorporated into the
melanin polymer?
2) Is CPZ bound to tissue constituents
other than melanin?
E.S.R. ABSORPTION OF CHLORPROMAZINE-
CONTINUOUS WHITE LIGHT ILLUMINATION
pH 4.65 0.31 gm/mI
FIG. 10. The electron spin resonance absorption of an aqueous CPZ solution under contin-
uous illumination with white light.
Either would be evidence of free radical for-
mation; the second mechanism is ruled out by
the further results below. The time between
illumination and filtration was several minutes,
and the radical life times are of the order of
seconds.
Aqueous CPZ solutions were then examined
directly in the e.s.r. spectrometer, both in the
dark and under illumination by the light
source described above. The solution was care-
fully made up in the dark and originally
showed no signal. When the white light was
turned on a resonance was obtained, and the
position of maximum signal was determined
(actually the inflection of the absorption line,
since the spectrometer displays the first deriva-
tJ)0,
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FIG. 9. Apparent rate of CPZ-polymer formation
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3) What is the role of light in the binding
of CPZ?
The Nature of CPZ-Melanin Bindinçj
The reversible binding of CPZ to preformed
melanin particles, both natural and synthetic,
has been studied by Potts who has also meas-
ured the absorption isotherms for the process.
He has also proposed that a charge transfer
complex may be formed between the CPZ and
the melanin. Studies on this aspect have also
been undertaken by Forrest (13). It is theoreti-
cally plausible that such a complex may arise
from the 7r-electron interaction between an
indole nucleus on the surface of a melanin parti-
cle and a molecule of CPZ. For such a com-
plex to form it would be necessary that the
electron transferred from the CPZ to the indole
monomer remain on the latter. If this occurred
the CPZ positive ion and the negatively
charged indole would be held together by a
primary electrostatic force. If however the
melanin polymer were highly conjugated and
the transferred electron were delocalized over
the entire particle, there could be no such
local ionic attraction. The charge transfer com-
plex formation between CPZ and melanin
would thus appear to require electron locali-
zation in the polymer, a possibility that is
supported by e.s.r. evidence (Blois et al. (10))
and chemical findings (Nicolaus (19)).
Two further results give conflicting evidence
as to whether CPZ may be incorporated
directly into melanin polymer. Dihydroxyphen-
ylanine (dopa) melanin was prepared in
vitro with tyrosinase, and in one aliquot CPZ-
S was added before polymerization began. In
another it was added after polymerization was
completed. Both samples of pigment were
then washed identically, weighed, and counted.
The specific activity of the pigment in which
CPZ-S had been present during polymeriza-
tion was 2.25 times as great as the other. This
observation of course does not distinguish be-
tween incorporation through CPZ-melanin
covalent bond formation, and adventitious en-
trapment of CPZ without bond formation.
When the homogenates of the melanomas and
eyes were hydrolyzed in 6 N HC1 at 100° C for
24 hours, and the thus purified pigment washed
and collected on Millipore filters, it was found
that (on average) 49.4% of the tumor radio-
activity was in the melanin, while in the eye,
23.1% was so bound. However, the tumors con-
tained twice as much melanin per unit weight as
the eyes, so the apparent specific activities of the
two melanins were quite similar. Because of
the possibilities of CPZ undergoing photopoly-
merization, the apparent specific activities of
the eye melanin above may be artificially in-
creased, since CPZ polymers would be collected
and counted along with the melanin.
Finally, the light-induced free radical for-
mation by CPZ offers still another mechanism
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E.S.R. ABSORPTION OF CHLORPROMAZINE
WHITE LIGHT ILLUMINATION (INTERMITTENT)
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Fie. 11. The electron spin resonance absorption of an aqueous
mittent white light illumination.
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CPZ solution under inter-
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for the binding of the drug to tissue constitu-
ents, and one of particular concern to the
dermatologist and ophthalmologist. The inter-
esting feature is that ultraviolet does not ap-
pear necessary, and the longer wavelengths
which here seem adequate for radical for-
mation are precisely the ones which can pene-
trate into the dermis, the lens, and the retina.
The results given above confirm only that white
light can induce formation of the same free
radical which had earlier been shown to arise
from the oxidation of CPZ by metal ions
and the peroxidasc-peroxide system. The na-
ture of the binding between the CPZ positive
ion radical and specific cellular constituents
remains to be investigated.
StIMIsIARY
Intraperitoneally administered CPZ has been
shown in vivo to localize in tissues containing
melanin. This localization would not occur un-
less some form of binding between the CPZ and
some constituent unique to these pigmented
tissues (assumed to be the pigment itself)
existed. The observed turn-over of the CPZ
requires that the major portion of this drug is
bound reversibly, although a small fraction
may be permanently incorporated into the
pigment. The rates of disappearance of the
radioactivity from the non-pigmented tissues
was markedly higher particularly so for the
brain. It has been shown that white light is
adequate for the production of free radicals from
CPZ, and this suggests a mechanism of action
for the clinical hyperpigmentation and ocular
abnormalities observed in patients receiving
large amounts of phenothiazine drugs.
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